Background: Peripheral Artery Disease (PAD) has been linked with diabetic microvascular complications. However, many patients do not show typical symptoms. Ankle-Brachial Index (ABI) is reported to be a simple and useful method to estimate cardiovascular risks.
Introduction
DIABETES Mellitus (DM) has become a worldwide epidemic. Globally, 422 million adults were estimated to have diabetes with a total prevalence of 8.5% in 2014 [1] . Up to 29% of population over age 70 in USA are affected by Peripheral Artery Disease (PAD), according to the population sampled [2] . Although PAD classic symptom is intermittent claudication, yet most patients are not presented with intermittent claudication; they complain of atypical lower extremity symptoms or even no symptoms [3] . Detection of PAD is important since it is common and possesses serious complications (amputation, impaired functional capacity, poor quality of life, and depression), and effective treatments are available [4] .
Not only, the non-invasive vascular assessment is crucial for the detection of Peripheral Arterial Disease (PAD), but also early diagnosis is essential to evaluate cardiovascular risk factors that could be managed and to avoid more serious complications [5] . Calculating a patient's Ankle-brachial Pressure Index (ABI) is a non-invasive, simple and low-cost method for detection of peripheral artery disease in the lower limbs [6] . ABI is considered to be a valuable indicator of the severity of atherosclerosis in lower limbs and was related to microvascular dysfunction of the largest tissue in the body-skeletal muscles-which is insulinsensitive and crucial for glucose utilization and metabolism [7] . The prevalence of PAD ranges between 9.5% and 13.6% in patients with T2D, compared with a prevalence of 4% in the general population [8] . 3897 3898
Ankle Brachial Index As A Monitor of Diabetes Type 2 Microvascular Complications
This study was conducted to evaluate the role of ABI as a monitor for the development of micro vascular complications of type 2 diabetes.
Patients and Methods
This study was conducted in the Department of Internal Medicine, Endocrinology Unit, Zagazig University Hospitals in the period from 1/1/2017 to 1/12/2017. It included total number 93 patient, they were classified according to presence or absence of Diabetes Mellitus into two main groups: Group I (control group): It included 10 healthy individuals: 7 males and 3 females. Their healthy state proved by history and clinical examination. Group II (patient group): This group includes 83 patient diagnosed as Type2 diabetes according to ADA criteria. There are 61 males and 22 females. They were further subdivided according to presence or absence of microvascular complications into two groups: Group IIA: 10 diabetics without microangiopathy 7 males and 3 females. Group IIB: 73 diabetics with microangiopathy 54 males and 19 females.
Inclusion criteria: Type 2DM, age above 18 years.
Exclusion criteria: Type 1 diabetic patient, chronic kidney disease, presence of sepsis or any source of infection and spinal stenosis.
All patients of the study were subjected to the following: Full history taking and clinical examination: Full neurological examination to detect diabetic neuropathy, fundus examination to detect diabetic retinopathy and serial measurement of blood pressure. Fasting blood glucose, postprandial blood glucose, HbA1c, serum creatinine and urinary albumin were done. Fundus examination and Doppler on both limbs was performed.
Measurement of ABI:
The patient was placed in a supine position for 5 minutes, measurement of systolic blood pressure is in both arms was done, the higher value is used as the denominator of the ABI, measurement of systolic blood pressure in the dorsalis pedis and posterior tibial arteries was performed by placing the cuff just above the ankle, the higher value is the numerator of the ABI in each limb [9] .
The diagnostic criteria for PAD based on the ABI are interpreted as follows: Normal if 0.91-1.30, mild obstruction if 0.70-0.90, moderate obstruction if 0.40-0.69, severe obstruction if <0.40, poorly compressible if >1.30, an ABI value >1.3 poorly compressible arteries [9] . Assessment of diabetic retinopathy: All diabetic patients with microangiopathies were consulted by ophthalmologist for detection and grading of retinopathy by fundus examination. If there is retinopathy it was classified into: Non proliferative retinopathy and Proliferative retinopathy according to [10] .
Assessment of diabetic nephropathy: All diabetic patients were screened for diabetic nephropathy by measurement of Urinary Albumin. We regarded albumin levels of <30mg/day as normoalbuminuria, 30-300mg/day as microalbuminuria, and >300 mg/day as macroalbuminuria [11] .
Assessment of peripheral sensory neuropathy:
All diabetic patients were exposed to full neurological examination to detect diabetic neuropathy. The bedside Neuropathy Disability Score (NDS) was derived from examining vibration perception (using a 128-Hz tuning fork), pin-prick and temperature perceptions in the big toe, and the presence or absence of ankle reflexes. The sensory modalities were scored as either present (0) or reduced or absent (1) for each leg; ankle reflexes were scored as normal (0), present with reinforcement (1), or absent (2) for each leg. The total maximal abnormal score was 10. A score above 2 was defined as clinical DPN. A physician who was specially trained by a senior diabetologist performed the neurological examination. Accordingly diabetic neuropathy was classified into: Mild (3-5), moderate (6-8) and sever (9-10) [12] .
Informed consent was obtained from all subjects prior to inclusion in the study. Patients were informed about their results and followed up by their physicians. The study was approved by the Local Ethical Committee.
Statistical analysis:
Data were entered, checked and analyzed using SPSS program package Version 25 for windows. p<0.05 was considered significant.
Results
The clinical characteristics of the studied groups showed non-significant difference in age among all groups (p>0.05), while BMI was significantly higher in patients compared to control and Group IIB was significantly higher than Group IIA ( p <0.05). ABI significantly lower in patients compared to control and Group IIB was significantly lower than Group IIA (p<0.05) Fasting blood glucose, post prandial blood glucose and HbA1c were significantly higher in Group IIA and Group IIB (p<0.05) compared to the control group. Serum creatinine was significantly (p<0.05) higher in Group IIB compared to control group. Post prandial blood glucose and serum creatinine were significantly higher in Group IIB compared to Group IIA ( Table 2 ). ABI shows a significant negative correlation (p<0.000) with BMI, HbA1c and duration of DM (Table 3 ). Control and Group IIA showed significant lower (p<0.000) incidence of retinopathy compared to Group IIB which also, showed significantly higher incidence of non-proliferative and proliferative retinopathy ( Table 4 ).
Control and Group IIA showed significant lower (p<0.000) incidence of nephropathy compared to Group IIB which also, showed significantly higher incidence of microalbumenuria and macroalbumenuria (Table 5 ).
Control and Group IIA showed significant lower (p<0.000) incidence of neuropathy compared to Group IIB which also, showed significantly higher incidence of mild, moderate and sever neuropathy ( Table 6 ).
The average Ankle-Brachial Index (ABI) was significantly lower (p<0.05) in non-proliferative retinopathy compared to the group with absent retinopathy; it was significantly lower (p<0.05) in the groups of microalbumenuria and macroalbumenuria in relation to the group of absent nephropathy. ABI was significantly lower (p<0.05) in moderate and sever neuropathy groups when compared to mild or without neuropathy (Table 7) . 
Discussion
Diabetes was reported to be the main cause of blindness, End-Stage Renal Disease (ESRD) and limb amputation; development of microvascular complications namely retinopathy, nephropathy and neuropathy is linked to several environmental risk factors, including duration of diabetes, degree of hyperglycemia and dyslipidemia [13] .
Peripheral Artery Disease (PAD) is largely associated with diabetes mellitus. Many epidemiological studies have shown a 2-to 4-fold increased risk for developing PAD, with ankle-brachial index <0.90 [14, 15] . Patients with diabetes mellitus developed PAD in a higher percentage than non-diabetic patients [16] .
The present study showed significantly higher BMI in diabetic patients compared to control group; in agreement with previous studies that reported an increased prevalence of type 2 diabetes due to obesity. These studies showed positive association between obesity and the risk of diabetes development among population; moreover, a doubled probability of having diabetes in obese than lean persons was found [17] [18] [19] .
The present study revealed significant lower BAI in diabetic groups compared to control in accordance to previous studies [20, 21] that reported low ABI in diabetics and relate it to increased risk of PAD. ABI was considered to be a good marker of atherosclerosis, morbidity and mortality for cardiovascular diseases in diabetic patients [22] . The underlying pathophysiology may be endothelial dysfunction, inflammation and insulin resistance representing common ground for development of atherosclerosis [23] . Biochemical investigation of the current study revealed significant elevation of fasting, postprandial blood glucose, glycated hemoglobin and serum Creatinine in diabetic groups compared to control one. These findings were reported previously [24] , elevated levels of HbA1c were linked to the development of microvascular events in type 2 diabetic patients [25] , also impairment of renal functions has been linked to atherosclerosis [26] .
Moreover, negative correlation between ABI and HBA1c, BMI and duration of diabetes as previously reported [27] .
Atherogenesis may be potentiated by hyperglycemia which leads to inhibition of arterial endothelial Nitric Oxide (NO) production, induction of vascular smooth muscle cell proliferation, stimu-lation of PAI-1 production, and accumulation of advanced glycation end products [28] .
The results of the current study showed higher incidence of diabetic retinopathy in diabetic group with complication than control non-complicated groups and it was linked to lower ABI. This was found in preceding studies, who noted that neovascularization which is the main finding in proliferative diabetic retinopathy and angiogenesis has frequently been related to advanced atherosclerotic [29, 30] .
Previous studies evaluated the association of low ABI and proliferative retinopathy, and they explained that atherosclerosis and diabetic retinopathy share common risk factors for their development [31] known as "common mechanism" for the development of macro-and microangiopathy in diabetes type 2, which includes obesity, insulinresistance and hypertension [32] .
The present study showed higher incidence of macro-and microalbuminuria in diabetic group with complication when compared to control noncomplicated groups and was associated with lower ABI. This was also reported in previously. These studies also regarded ABI as a reliable, noninvasive marker for detecting not only the peripheral and cardiovascular complications, but also the early stages of diabetic nephropathy [33, 34] . In addition, albuminuria may cause increased cardiovascular complications directly, or could be a marker of enhanced platelet aggregation, endothelial invasion with atherogenic lipoprotein particles, or autonomic neuropathy [35] .
The present study also, showed increased incidence of neuropathy in diabetic complicated group compared to control and non-complicated groups with higher association of neuropathy with low ABI. In line with previous studies that pointed to a higher incidence or deterioration of peripheral neuropathy in diabetics with low ABI [36] . Early recognition and suitable management of neuropathy in diabetic patients are mandatory [37] .
Conclusion:
Low ABI is common in patients with T2D. The ABI is a simple, reproducible, and cost-effective screening test for diagnosing microvascular complications in diabetes type 2 patients. ABI screening should be performed in diabetic population for early evaluate of microvascular complications.
